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Suppression of Pathogenic Autoreactive CD4" T Cells by CD137-mediated
Expansion of CD4"CD25" Regulatory T Cells in Graves’ Disease

Kim Eun Sook, Jung Hyo Wonl, Jung Il Choil, I1 Seung Nam-Goong,
Soon Hyung Hong, Young IL Kim

Department of Internal Medicine, Biomedical Research Center', Ulsan University Hospital,
Ulsan University of Collage of Medicine

ABSTRACT

Background: Graves’ disease (GD) is an organ-specific autoimmune disease that is characterized by
lymphocyte infiltration of the thyroid, which finally leads to follicular destruction. The CD4°CD25" regulatory
T cells are important for maintaining peripheral tolerance to self-antigens and impaired activity can cause
autoimmune diseases. CD137 (4-1BB), a member of the tumor necrosis factor receptor superfamily and
expressed on activated T cells, is a candidate molecule for a co-stimulatory role in autoimmune thyroid
disease. In this study, we aimed to assay the frequency of CD4'CD25" T cells in GD patients and to
investigate the role of CD137-mediated costimulation in CD4'CD25" T cells.

Methods: The frequencies of the CD4"CD25" T cells in the peripheral blood (PB) of GD patients were
determined by flow cytometric analysis. After the CD4'CD25" T cells were isolated from PB mononuclear
cells (PBMC) of the GD patients using immunomagnetic beads, the functional activity of the CD4'CD25" T
cells was characterized by use of a proliferation assay. mRNA expression of Foxp 3 in the CD4'CD25" T cells
of the GD patients was observed by real-time RT-PCR.

Results: In this study, we found that GD patients had a low proportion of CD4°'CD25" T cells (mean *
SD; 1.47 + 0.31%) in PBMC as compared with normal subjects. CD137-mediated costimulation increased the
expression of CD25 and Foxp 3 in CD4" T cells in GD patients as compared with normal subjects. Moreover,
the CD137-mediated costimulation also induced the proliferation of CD4'CD25" T cells in GD patients, and
the expanded CD4'CD25" T cells could suppress other CD4'CD25 T cells in a co-culture.

Conclusion: These results suggest that the peripheral expansion of CD4'CD25" T cells by CD137-mediated
co-stimulation can suppress effector T cells and may be a potent therapy for Graves’ disease. (J Kor

Endocrine Soc 22:332~338, 2007)
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Q1 mukge] AL A1kl vk At

T AEE AATLEHN o]FoiA|=d], ol g 247]
Hlo] A3 735 A7pielasto] e k2], 1ol
H 2H)(Grave’s disease, GD)< 74 of 22| 22ake] ZHAkA
ATFEEE gl e ARIAE A AT
2ol 0o Fpor 48 A F AL ATl 2
4 ol AES] 243} PAATEES] BoPLE Lo

7155, A7Rdell gt 84 24717 Aoflel] 23k 214

oF

FTEATEAE o3t A e EL AR, AEAE 2
Aol 2711 Hale}h ZH2 AES] AR Thss A=
] vl T3k AL shA, wiof o] Aot A5k A5 T
AFEE TR anergy) “Aeloll whAAU AAZR e FHols
o & AEgoRs ARl WHouksE FdelA JEiAl
%ItH4~7]. CD137(4-1BB) E3ARIAL 84| Al &
FA F5AFEAZA collagen-induced arthritis, A4 27|
el wkelsl 28 A e FEANS ol
wHE-E38|(agonistic monoclonal antibody, anti-4-1BB) o7
7} v ApRkeA CD4” T AlE(pathogenic  autoreactive
CD4™ T cells)?] 7158 AR oM A7zl %)
ES T dgol HlA olF F3 AeHgd=As o83l
AE-g x| giHe] HT A=A gle FAleleH6~10].

ZZ T AIECD4°CD25" T cell)= AAAQ vy
Al 578 AlEARe 24 AL A Al mig- &
23 A3 sl APaARke] Fe wele] F= W
A Z2PE Rk T Alxe] A4 8l 4 AAIRke g 2t
7FANhe-& 24k AR dHAHA] HT Arpaed
g X gollo] A-E7FsAdell gk A7} Bol o]FoiA| L 9}
tH11,12]. 32 334 AR} Aetste] AQA A7hd o
A A 5 B9 A¥dA SEASEAR] dEA
Ze|z0]E fuA TR 84l IS B AT
At zA-o| CD4'CD25" T A|ZEol| 2]3)] thyroiditogenic T
A A4S Aoz A4 ARy =] e
o] oAl 4= Qlrk= Hat AeH13]. AR ol s
ol ualolri Aje) 2ol ] cD4” T AZoA) 4

el Izl =2 CD137 WEAE vehle, 53] CD137
9] soluble form®| A§4do] AH Arel UHsHA A==
Ze BRIsle] olu] Kk uf glrHel.

w2hA] B qlfollA s zalo]Hery ghrke] whxd oo
FHE] CD4'CD25" T AIEE Helslar 24 T AlEol|A]
CD1379] WRAEA 1 CDI137 FAS T3 FEAFo|
CD4'CD25" T AIE T4 FEgo=Zd Wad Ak
"3 CD4" T AIE9] B4 AR = gleA] 241

Chat 2 e

1. CHA

2004\ 445E] 129714 Hholl sl Hgo&
dlo] By Zghs W2 22} 209S dltow xRS
FAsl o, Aol gk iz o Z 71733tk 20
o] HEPNS o] 83lgict ello]H g e] Zk M
AFEZe S A s2EA, RS
G&A A(TBI), ASFEZEAT ATk sol
gt bkl A4 aela A A 5
ksl WAGA] P AAE  B-8skar AU AN
5= Alelsigick(Table 1). 2#lo] B2 3ol A4
Qo] gy B F2|9d3] el wet g Fo

% heparinized (10 U/mL) vacutainer (BD PharMingen,
CA)°ll 73tk

1
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2. NE E2|

FA=E 7+ ATy gzFe] wxEHo ZHE] Ficoll
Hypaque 88 o]83t el 42l oJa) =)
AEE Eelslgdel 225l JRAIEE 1 x phosphate
buffered saline (PBS)E 2¥ A&+ kS CD25'CD4”
CD4" CD25" T cell isolation kit (Miltenyi Biotec, Auburn,
CA)E o]83}o] CD4'CD25 T AIE 3l CD4'CD25™ T Al
IZ Helslgleon, CD4'CD25" T AZ] 55 AT
HAog zASE A7) 89.6%Ark mEgh Eeld chAIEE
100 mm HiRE7]oNA] 3AIZE vlieksle ASAE AAG &
viehol] Zol ol wRAERRS FAsle] SRIARIAIE

(antigen presenting cell, APC)Z A&k

Table 1. Clinical characteristics of GD patients and normal subjects

Age Gender TBII Free T4 TSH TPOAb TgAb

(year) (%) (ng/dL) (UU/mL) (IU/mL) (IU/mL)
Reference value n F M 0~15.0 0.89~1.81 0.35~5.50 0~25 0~40
Graves’ discase 20 36 + 11 16 4 409 + 1737 643 + 239° 001 + 0.00 466 + 358 304 + 683
Control 20 42+8 20 0 38 £ 21 14 + 1.06 058 + 068 12 + 113 26t 34

TBII, thyroid binding inhibitory immunoglobulin; TPOAb, antibodies to thyroid peroxidase; and TgAb, antibodies to

thyroglobulin.
+* P < 0.001 for the comparison with normal control.
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AT} vlzge] gh|Zellx2] CD25'CD4" T Al &
% gl CD137¢] WSAS =46k7] S8 PBMC (5 x
10’ cells/mL)Z- 24-well #JEHAJol 10% heat-treated FBS
9 1% penicillin/streptomycin®] 471 RPMI HiA]E- uljek
HoZ plate-bound anti-CD3 (clone OKT3, 1 pg/mL),
soluble anti-CD28 (clone 282, 1 ug/mL)$} anti-CD137
(clone 4B4, 1 pg/mL)E *elslo] 3U7F uiekslgiet. =3k
ATt vlze] SRR E2l3 CD25'CD4” T
A|FollA 9] CD137 WS =ABE] 93l CD25'CDh4” T
AE2.5 x 10° cellsymL)E 24-well v Aol s}524t i
¥t % anti-CD3 (1 pg/mL, clone OKT3, eBioscience, San
Diego, CA)¢} anti-CD28 (1 ug/mL, clone 28.2, BD
Biosciences, Franklin Lakes, NJ)& *]g|slo] 24A]7} uljok
sidel. 4 AEE §9A4%ke] 2% bovine serum  albumin
(BSA)Z} 0.1% NaN;7} %4711 1 x PBS (washing buffer) S
olgzlo] 2 APgdt v} FITC labelled anti CD137 mAb
(BD Biosciences), PE-labelled CD4 mAb (BD Biosciences)
=] Cy-labelled CD25 mAb (BD Biosciences) = 4°ColA 30
E7F dA619e). o5 washing buffer@ 2W] A3t g,
E4 3R 59 WS fAIE B47|(BD FacsCalibur, BD
Biosciences)2] SSC/FSC gate®] HZ ZlctollA] Fhksls]
o ZAIE- CellQuest software (BD Biosciences)Z -4
sh3ick

b

4. NZZ4| dz £H

I

CD4°CD25" T AIE9] Z4] == CD4°CD25" T AIE9]
JAsS =Rzl sl cD4'cD25 T AlE2 x 10
cellsymL) XX CD4'CD25" T AE2 x 10* cellsymL)E
96-well culture plateol] ZFZ}; ghx0 & uljokslAL) $hA] ullok
slgick olw] APC (2 x 10* cells/mL)$} plate-bound OKT3
(1 ug/mL), soluble anti-CD28 (1 pg/mL) 2 IL-2 (20
U/mL, Hemagen, Worcester, MA)E- o] A|EE #5313
o1 anti-CD137 mAb (4B4, 1 ug/mL, Immunomics,
Ulsan, Korea)E X2lalAL} HelelA] @ 3d 51t ok
gl % ] ;Ci [H]thymidine (DuPont-NEN, MA)S o] 184]

ZEHESAIHE AES AR - AIESAEES Trilux 1450

microbeta liquid scintillation 2! luminescence counter
(Wallac Turku, Perkin Elmer)E o]-&3}o] &4}t

5. Real-time PCR and RT-PCR

CD4'CD25" T AIEEHE] Trizoled ©|-83}e] F RNA
£ H2]3t & Superscript 11 reverse transcriptase (Promega,
Medison, WA)2} oligo-dT (Promega, Medison, WA)E- ©]
83lo] cDNAE- dM8IIch RT-PCRE 95T, 303 60T,

302 70C, 1% 27102 353 Ajafsila Aol #s)
2245 9)% real-time PCR (MyiQ™ Single-Color Real-Time
PCR Detection System, Bio-Rad)-& A|2§s}o] Foxp 39] vt
kS MyiQ™ SYBR Green (Bio-Rad)® 24391
-actin© & normalized valueS Z73%l93c} Real-time PCR-S-
95CollA] 557} denaturationA]Z]aL 95C, 15%; 60T, 20%;
70°C, 30% 2710 & 403] A4}k PCRES 913l Foxp 3
primer: 5°-CAA GTT CCA CAA CAT GCG AC-3'%}
5-ATT GAG TGT CCG CTG CTT CT-3°, GAPDH
primer: 5°-GAT GAG ATT GGC ATG GCT TT-3'%
5°-CAC CTT CAC CGT TCC AGT TT-3'Z A-g3l5jch

6. SHXNZ

B AL 33 ol uHs Adlelglon, A= 3
T = FEEFeAE vehligler, tzdat Adie] &t
ol tidk FA R4 GraphPad Prism program
(GraphPad software, San Diego, CA)2] Student’s t-test=
AREA AR frelaea PRkel 0.05 Wkl A=

algiek
2 o

1. CD4'CD25" T MIZOIAM2] CD1372] Wal EM

o

agle] Bty FAre] M chlEE.
CD4°CD25" T A|EolA2] CD1379] WHAEAS =AY
A3l FAIE FAE AAsIIckFig. 1. 849tz
CD4°CD25" T A|EolX2] CD137 -2 n]EAldelollA]
E 1.89 + 1.60%E Ygkor), OKT3¢} anti-CD28 AF=ol|
o8k A3} Aeoll A= 8.97 + 3.94% 2 Z7)slgic) AF
T2 749+ vlgA CD4'CD25™ T AlFEelX% 552 + 2.43%
2 ATl visl vk E=A cp1377F wElglem(p <
0.0001), OKT3¢} anti-CD28 Al=o & #Ashx]n 11.37 +
5.13% 2 BS TRl Ae& UeldoP < 0.001). 5, L
dlo]BA 3zt 739- CD4” CD25" T A|FollA 2] CD1372]
W2 ¥4 el = diiEglon, 8443} & dizT-
o] vlal S FrlEle Ao eyl

1 Feldt

A

2. CD137 X1=0| 2Ist CD4'CD25" T MIZe| S4]

TeelE ko] el tidZolR]e] CD4'CD25” T
AzAeke] E25 A dlzrdt vlashy] Sl sz
gating Wolld HAIE 48 AAsldckFig. 2). L Axt
CD4'CD25" T A= OKT39} anti- CD28 215l 2J8] vz
TollH= 4.92 + 2.45%, SAToA= 6.51 + 2.24% 2 ST}
SIIehP < 0.05). 3HA, 4B4 Aol tislA tlze] 7S,
491 * 2.36% % OKT39} anti-CD28 A=} GAkslA] Ve
HH 3RlFolk= 9.26 + 4.27% % Z7IISIEKP < 0.001).
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Fig. 1. The frequency of CD137" cells in CD4°CD25" T
cells of the patients with Grave’s disease. The frequency of
CD25°CD4" T cells in PBMC of GD patients and normal
subjects were analyzed by flow cytometry with PE-labelled
anti-CD137 staining. The values are expressed as mean *
SD of triplicate data. P < 0.0001 vs. normal group.
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Fig. 2. The CD4'CD25" T cell population in PBMC of
patients with Graves’ disease. PBMC were stimulated by
plate-bound OKT3 (1 pg/mL), soluble anti-CD28 (1 pg/mL)
and/or anti-CD137 (1 pg/mL) for 24 h. The cells in these
analyses were gated on lymphocytes via forward and side
scatter properties in flow cytometry. The values are
expressed as mean * SD of triplicate data. P < 0.05, P <
0.001 and P < 0.0001 vs. normal group.

Z, adlo]Hx 3kx}e] 749- CD25°CD4” T AllEAKlo] A
of] Blall 4B4 7=oll o3l TIS: Tkl Zle & T U

CD137 A3l €J3k CD4'CD25" T AIEe] 4] A%
proliferation assay & 53l ZARF A3}, tlZzFollA= vjE
A A|ZollA] 1.94 = 1.08 (x 10* cells)E S CD4"CD25"
T AE BE¥E7} 2459l om, OKT3/anti-CD28el <3l 2+
A3} AZolAE 3.34 + 1.87 (x 10* cells)E CD4'CD25"
T AlEe] 37t Z7kshe Zle® velslckFig. 3). w3k
OKT3/anti- CD28%} 4B4-5 37| XelslSle 73-Folls 4.94 +
2.04 (x 10* cells)E CD4'CD25" T A|E BZ7} thik Z7}s)
ek WhH 2Re] 73-folle vldA AlZolie izt &
ARsIA] 1.87 £ 0.89 (x 10* cells) & H]ZA & CD4'CD25"
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Fig. 3. Proliferation of CD4°CD25" T cells by anti-CD137
stimulation. The CD4'CD25" T cells (5 x 10* cells) were
stimulated with APC (2 x 10* cells/mL), plate-bound
anti-CD3 (1 pg/mL), soluble anti-CD28 (1 ug/mL) and IL-2
(20 U/mL) at presence or absence with anti-CD137 mAb
(4B4; 1 pg/mL). Proliferation was determined at day 3, with
[3H]thymidine added for the last 18h of culture. The values
are expressed as mean + SD of triplicate data (SD = bar).
P < 0.05 and P < 0.001 vs. normal group.

T A BEE Jehiglor), OKT3/anti-CD28 A=l 2l
509 + 2.03 (x 10* cells)E Z713I3(P < 0.05), 4B4= 3+
A A2l 745l thzoll Bl 7.89 + 1.58 (x 10*
cells) 2 TS Z7lsl= Ao JeRdchP < 0.01).

3. CD137 XI=0f| |5 CD4°CD25" T MI=ZQ| 7|

Szt

CD137 A=ol] oJgF aajo]B2M 3kx1e] CD4'CD25" T
AlEZe] 715H13kE 2A4817] 918l 4B4E Helsled CD4”
CD25" T AIE Z4]el] 2J3F CD4°CD25 T AIE A=
suppression assay & &3l 2k Al He] o] H
2AjollA] CD4'CD25" T AIES] $412 1.04 + 0.08 (x 10*
cells), 1.09 £ 0.15 (x 10* cells), 1.51 + 0.40 (x 10* cells)
2 ZA=9k 1 CD4'CD25 T A9 s 228 7zt
16.03 £ 0.93 (x 10* cells), 15.82 £ 0.26 (x 10* cells), 9.62
+ 051 (x 10* cells) 2 245 Hhzol] CD4'CD25 T A|E
9} CD4" CD25" T AIEE 1:12 ] wloke 739 10.64 +
0.51 (x 10* cells), 12.64 + 0.29 (x 10* cells), 6.37 + 0.37
(% 10* cells)E ZA=|Qr}. o] B 3zl A CD137<]
Aoz Qldl] §5% CD4'CD25" T AlEel] 23
CD4'CD25 T A|E2] Z4)o] 242} 33.6%, 20.1%, 34.4% =
JAl== Aoz velyrhFig. 4).

4. CD137 RI=0| 2|8t CD4'CD25" T MIZEOIAM
9| Foxp 3 F&AI &l

adlolurg dbde] mxgolomRe Yeld CD4
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Fig. 4. The ability of the CD4'CD25" T cells to suppress
the proliferation of the cocultured CD4'CD25 T cells. CD4"
CD25" T cells (2 x 10* cells) were stimulated alone and in
coculture with CD4'CD25 T cells (2 X 10* cells) in the
presence of APC (2 x 10* cells). The CD4'CD25 T cells
were also stimulated alone. Cells were stimulated with
plate-bound anti-CD3(1 pg/mL) and soluble anti-CD28 (1 p
g/mL) at presence or absence with anti-CD137 mAb (4B4;
1 pg/mL). Proliferation was determined at day 3, with
[3H]thymidine added for the last 18h of culture.

CD25" T Al|ZellA9] CD137 A=oll &g Foxp 3 34k
WSS dolH 7] 2ellA] reverse transcription-PCR-&
saslgirl. v1ZHA CD4'CD25" T AlENA<] Foxp 3 &
Azl WEe FdE]x] ¢kgkow] OKT3/anti-CD28 X2
Al vtk S7kEAA 4B4 Kl 3 AAs] Sk Ale &
T YUKFig. 5A).

w3k gglo]HAH $xe] CD4'CD25° T AlEol|A 9]
Foxp 3-34F] AeiEQl g real-time PCRE 374
3+ A3, 312} 10014 F]2] A] 082819931, OKT3/anti-CD28
X2l 3 078007, 4B4-E 3 A2 A] L11vHE S71319]
o, 37} 20l T2l A] 0.884A, OKT3/anti-CD28
X2 & 1.82ul91.0m, 4B4E 3| H2] A] 3.09u1Z 2R}
1ol vl3l] F71sIa, 3} 30X A ElolA] 1.14m9i
OKT3/anti-CD28 A& = 239u|2 Zrlslglon, 4B4S
3| %2] A] 4.01802 3R} 13} 20)] B8] =719k =3k
314} A ¥ 25 OKT3/anti-CD28 X|glol] H]3l| 4B4S 37|
Helg 7§ Foxp 39| Whale| Jrlsle= A& vepdrt
(Fig. 5B).

[

il

CD4'CD25" T Al¥Ew A T AIE = Wd=4 T
AlZE(regulatory T cell; Treg)glal 2l &Y Boldoz
whAels wWnke-& 243t SAEA ol At} F
olA AA| CD4" T AE2] 5~10% A= XA3CH12,13].
CD4'CD25" T AlE= AARIARI Foxp 39 AIEZHTE
ARl CTLA-4¢} BAFEZE|FolE FEA FTdARIAL
TEAE s IL-10, TJHARIALB, IL-29F 722 A+

A
OKT3/anti-CD28 - + +

4B4 - - +
oo [ D WD WD |

FOXP3

oe}

o

== Control E=30KT3/anti-CD28 === OKT3/anti-CD28+4B4

., |—||_|I I_IHI

patient 1 pati;nt 2 patiént 3

N [ S

Relative mRNA expression
-

Fig. 5. Expression of Foxp 3 in CD25°CD4" T cells of GD
patients. The CD4°CD25" T cells were stimulated with OKT3/
anti-CD28 (1 ug/mL) alone or with 4B4(1 ug/mL). After
mRNA was isolated from cells using TRIzol reagent, cDNA
was reverse transcribed and then amplified by PCR.
Expression of Foxp 3 gene in CD4'CD25" T cells of GD
patients was determined by reverse transciption-PCR (A)
and real time PCR (B).

o|E7Ilou} SRV IAES} e B4 AEFTHS 7=
AFEol| o3k Hio} thE T A|E2] F4]8 n|SolFog o
A= 7155 23 YrH13~17]. o] B2 2718
of] eJslo] il AlEFAoN oJgt =29 sl & Qg 2}
7 dAgto|m A 75Kl dEARQ] Al 3t
t} zdlo]B A E-EAYel ofsbH CD4'CD25" T AlE7}
Telo]HHolA] A 1l TSkl Fest 2R
effector T AlZE2} CD4" CD25" T A|E Atolo] Fao] Wil
Aelell Hoghriar Haw]giry18]. B3k =4 T AlEe] 4
AL Fleb AgtollA AP dAsel gt AS SiAl
7154l 22 Bt whEn] o] By kel uky
Q9lo] =u[19], A T AEaA ] CTLA4 AR o]
TeflolBmy gl SRAREAN T M4 ArpHAAst
AT A SA] ddkEIcka 109[20], CD4'CD25" T Al
7} 234 APl gkl vl Fodt TS ke
Zlo g oA gtk CD4'CD25" T A|E7} o]gA f=
TA L 71l tisliAE oF] wEsAl wsiA]A] ekgke.
w Zoka]ARIA}-B, IL-10, CTLA-4 52 Ao|EFIQle] F
23 Ak gy Barso] 9lrh21]. &g CD1379l
A4 T EEgAe] Foi7l CD137-m ] AsAdS
fo =24 CD4'CD25" T AE wizfe] AgAl Appded
PAol o] f2d 7 Qlrkar s9drh7-~9].
TollAe alloluw 3kxle] adol clalgE
D4'CD25" T A|l¥e] EEE5 AR thz7<} nlazs}
ol LA EEHE] CD4'CD25" T A2 Helst
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— 25 2 591 aelo|Eaelld] = T Al 23t WA ApFRISINEEY CD4' T AlES] et

o] T Ale] A S EA5EAR] CD137 A=< ol
slo] CD4'CD25" T AIES] 418 58 + A=Al o
3l =ARIICE 1 A3} 1ao] B $hxlollA] CD4'CD25”
T AIE BEE ARl vl FARAY UdA%r OKT3
2ol oell CD4'CD25" T AE7} EolwkrkFig. 1). B3k
OKT3/anti-CD28 A= & CD4'CD25" T Al*Eel42] CD137
o] Zrlslg)om, 4B4 Xglol] 23k CD137 A= 53
CD4'CD25" T AIES] FAlo] Ys FE= Uk vopt &
A%l CD4°CD25" T A|¥E= CD4°CD25 T AEQ] F415
AT Aoz vt o= CD137 wile T4
o] CD4'CD25" T AE ZAE& fEe=zZH CD4’
CD25" T AIEE &3 AMEA T AIE S| Al=]o]
A F 98 AAB) 28 Morris 52 CD137 9HEE
gAle] Foio) He] FAIZE|FolE FEA FUHAR]
A} 84| TR 3| Fof A CD4'CD25™ T AIE =il
Hoaas xeieto gy A Al A e
< dARIZIG . BaslelEdl22], o] Holde ohule
Aol o3t AT} AdEr ASATE ksl A
o|e7llol} THEE 9] ¥l &5 Xolzla A7
Hrk B odFolx zalo] B 3ixlellA2] CD4'CD25" T
AEZofA o] BAFEE|Fo| = F 24 FFARIA} 84
o]} CTLA-40l] thgt W54 3 CD137 AF5oll <%k ¥
3hE 2ARHA] glom x5 AgdElolxof & o7 Ag
Fe} w3t B AgelAE AldkE HH(5~10 mL) > 2HE]
CD4'CD25" T AIEE Eelsl=dl 7|59l ofglge] o]
7153t ZARE 913 588 9] CD4'CD25" T AIEE &
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